Introduction.-The martensitic transformation and the elastic property of the antiferromagnetic Manganese alloys such as Mn-Cu, Mn-Ni and AuMn have been studied by many investigators in order to clarify the relation between the martensitic and the antiferromagnetic transformations. The following results have been reported: (i) Mn-Cu alloy undergoes a martensitic transformation from fcc to fct accompanied with the change of volume (1, 2) .
This structure phase transformation has been reported to be caused by the softening of the bulk modulus (C1l+2Cl2)/3 (3). The transformation temperature from cubic to tetragonal, Tt, is slightly lower than (or nearly equal to) the Neel temperature of antiferromagnetism, TN (1, 4) . The shape memory effect has been observed in Mn-Cu alloy (4) .
(ii) Mn-Ni alloy undergoes a martensitic transformation from fcc to fct, or to orthorhombic, depending on composition (5) .
This transformation has been reported to be induced by the softening of Cf=(Cll-C12)/2 with decrease in temperature (6) .
In Mn-Ni alloys with composition of 15%22 at.% Ni, Tt is lower than TN (5) .
The shape memory effect has also been observed in this alloy ( 7 ) . (iii) Au-Mn alloy undergoes a martensitic transformation from the CsC1-type cubic (B2) to the tetragonal (tetragonally distorted B2) (8) .
The tetragonality (1-c/a) of the tetragonal lattice has been reported to be proportional to the square of the antiferromagnetic order parameter in a temperature range below Tt and show a discontinuous drop at Tt (9) . Tt is about 25 K lower than TN in a Au52Mn48 alloy. Then the transformation is of the 1st order, although it is close to the 2nd order transformation. Au-Mn alloy with lower Mn concentration undergoes a martensitic transformation from B2 to @zf(3R) (10) . Any elastic property has not been reported in this alloy.
Bacon et a1 (11) have shown that the tetragonality (1-c/a) of the tetragonal lattice and TN of A~5 0 b I n~~-~Z n~ alloys decrease with increase in x, suggesting the appearance of the 2nd order transformation However, in their paper, it has not been described whether Tt and TN Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982447 are exactly coincident each other or not. Any investigation for the temperature dependence of the lattice parameters and the elastic property have not yet been reported. Then in this work, the temperature dependence of lattice parameters, the surface relief, the shape memory effect and the elastic constants of Au5oMn5g-,Znx alloys are stidied, and these results are discussed in relation to the lattice stability and the antiferromagnetic transformation.
Experimental.-Alloy specimens were prepared by melting metals with high purity (99.99% Au, 99.999% Mn and Zn) in an evacuated quartz tube . They were annealed at 1123 K for 570 ks and then quenched into water . The powder specimen for X-ray analysis was quenched into water at 273 K after annealing at 850 K for 3.6 ks. The lattice parameters of the tetragonal phase were determined from the splitting of (321) diffraction lines at the temperature 93 K by an X-ray analysis. The temperature dependence of the lattice parameters was analyzed by the splitting of (211) diffraction lines. Surface relief was observed by an optical microscopy using a polarized light. Single crystals were prepared by the Bridgeman method and were quenched into water at 273 K after annealing at 973 K for 570 ks. The elastic constants were measured by the ultrasonic pulse superposition method. The transformation temperatures were also determined by the differential thermal analysis.
Results and discussion.-In order to clarlfy the nature of the cubicto-tetragonal transformation, the temperature dependence of the lattice parameters of Au50hIn25Zn25 and Au50Mn22Zn28 alloys were studied by an X-ray analysis. The results are shown in Figs. 1 and 2. The axial ratio c/a of the tetragonal lattice in the low temperature phase was less than 1 in these alloys. The a-axis of the tetragonal lattice decreased and the c-axis increased gradually with increase in temperature and they showed the discontinuous change at the transformation t e m p e r a t u r e Tt.
The t e m p e r a t u r e dependence o f t h e t e t r a g o n a l i t y ( 1 -c / a ) of t h e t e t r a g o n a l l a t t i c e i n t h e s e a l l o y s i s shown i n F i g . 3 ; 1 -c/a=O r e p r e s e n t s t h e B2 s t r u c t u r e i n t h i s f i g u r e . The t e t r a g o n a l i t y d e c r e a s e d g r a d u a l l y w i t h i n c r e a s e i n t e m p e r a t u r e and showed a d i s c o nt i n u o u s d r o p a t T t .
I n a t e m p e r a t u r e r a n g e of a b o u t 1 0 d e g r e e s below Tt, t h e c o e x i s t e n c e o f t h e c u b i c and t h e t e t r a g o n a l s t r u c t u r e s was o b s e r v e d ; t h i s may be a f f e c t e d p a r t l y by t h e l o c a l f l u c t u a t i o n of t h e c o n c e n t r a t i o n of Mn atoms. These r e s u l t s i n d i c a t e t h a t t h e c u b i c -t ot e t r a g o n a l t r a n s f o r m a t i o n i n Au-Mn-Zn a l l o y i s o f t h e 1 s t o r d e r , a l t h o u g h i t i s c l o s e t o t h e 2nd o r d e r t r a n s f o r m a t i o n . T h i s n a t u r e of t h e t r a n s f o r m a t i o n i s s i m i l a r t o t h a t o f t h e b i n a r y Au-bln a l l o y ( 9 ) . The p r e s e n t r e s u l t o f TN measured by t h e d i f f e r e n t i a l -t h e r m a l a n a l y s i s was i n good agreement w i t h t h e r e s u l t o f Bacon e t a 1 (11) and showed t h a t TN o f A u 5 0 M n 5 0 -~Z n~ a l l o y d e c r e a s e s w i t h i n c r e a s e i n Zn c o n t e n t , x . The t r a n s f o r m a t l o n t e m p e r a t u r e T t , which was d e t e r m i n e d by an X-ray a n a l y s i s , was a l s o d e c r e a s e d w i t h i n c r e a s e i n x . I t i s s e e n from F i g . 4 
Au50Mn5o a l l o y u n d e r g o e s a t r a n s f o r m a t i o n from t e t r a g o n a l ( c / a < l ) t o t e t r a g on a l ( c / a > l ) a t a t e m p e r a t u r e of a b o u t 395 K ( 1 2 ) .
Aus0Zn5o a l l o y u n d e r g o e s a m a r t e n s i t i c t r a n s f o r m at i o n a t a t e m p e r a t u r e n e a r 65 K (13) . The e f f e c t o f t h e a d d i t i o n o f 3 r d P h o t o . 1 : S u r f a c e r e l i e f of a l l o y i n g e l e m e n t s on t h e s e two Au50Mn33Znl7 a l l o y a t room k i n d s o f t r a n s f o r m a t i o n s was n o t t e m p e r a t u r e . 
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JOURNAL DE PHYSIQUE P h o t o . 2 : O p t i c a l m i c r o g r a p h s showing P h o t o . 3 : Shape memory e f f e c t o f t h e s u r f a c e r e l i e f o f Au50Mn33Znl7
Au~oMn21Zn28 a l l o y specimen w i t h a l l o y a s a f u n c t i o n o f t e m p e r a t u r e t h e l e n g t h of 8 mm.
The p h o t oo b s e r v e d d u r i n g h e a t i n g o r c o o l i n g g r a p h s ( a ) , ( b ) were t a k e n a t 77 p r o c e s s e s . K and ( c ) a t room t e m p e r a t u r e . f u n c t i o n o f c o m p o s i t i o n i n F i g . 4 . The s u r f a c e r e l i e f of Au50Mn33Znl7 a l l o y o b s e r v e d a t room temper a t u r e i s shown i n P h o t o . 1 . T h i s i s s i m i l a r t o t h a t o f Au-Mn (8) and Mn-Cu a l l o y s ( 1 4 ) . A s e r i e s o f o p t i c a l m i c r o g r a p h s showing t h e temper a t u r e dependence o f s u r f a c e r e l i e f i n Au50Mn33Znl7 a l l o y a r e shown i n P h o t o . 2 .
I n an a s -q u e n c h e d specimen ( a ) , p a r a l l e l banded r e l i e f w i t h l i g h t and d a r k c o n t r a s t s a p p e a r e d . During h e a t i n g p r o c e s s ( b , c ) , t h e banded a r e a c o n t r a c t e d and became f a i n t e r w i t h i n c r e a s e i n t e m p e r a t u r e These bands d i s a p p e a r e d f i n a l l y a t a t e m p e r a t u r e n e a r 326 K ( d ) . During c o o l i n g p r o c e s s ( e , f ) , t h e banded a r e a expanded and t h e c o n tr a s t became c l e a r e r w i t h d e c r e a s e i n t e m p e r a t u r e . T h i s g r a d u a l change o f s u r f a c e r e l i e f i s s i m i l a r t o t h a t of Mn-Cu a l l o y ( 4 , 1 4 ) .
The temp e r a t u r e h y s t e r e s i s o f t h e t r a n s f o r m a t i o n was found t o b e w i t h i n 1 d e g r e e by t h e m i c r o s c o p i c o b s e r v a t i o n . T h e r e f o r e , t h e c u b i c -t ot e t r a g o n a l t r a n s f o r m a t i o n o f Au50Mn33Znl7 a l l o y was found t o b e a t h e r m o e l a s t i c m a r t e n s i t i c t r a n s f o r m a t i o n .
The s h a p e memory e f f e c t o b s e r v e d i n Au50Mn22Zn28 a l l o y i s shown i n P h o t o . 3 .
A specimen w i t h 8 mm i n l e n g t h was f i r s t p i c k e d up w i t h t w e e z e r s and d i p p e d i n t o l i q u i d n i t r o g e n ( a ) . Then, t h i s specimen was bended by u s i n g a n o t h e r t w e e z e r s i n l i q u i d n i t r o g e n a s shown i n ( b ) . And f i n a l l y , i f t h i s specimen was t a k e n o u t from l i q u ( 4 , 7 ) .
The e l a s t i c c o n s t a n t s o f Au50Mn22Zn28 a l l o y quenched from 973 K a r e shown i n F i g . 5 a s a f u n c t i o n o f t e m p e r a t u r e . The o b s e r v e d v a l u e s o f t h e e l a s t i c c o n s t a n t s , t h e i r t e m p e r a t u r e c o e f f i c i e n t and t h e e l a st i c a n i s o t r o p y a t room t e m p e r a t u r e a r e compared w i t h t h o s e of Mn-Ni-C, Mn-Ni and Au-Zn a l l o y s ( 6 , 1 5 , 1 6 ) i n T a b l e I . I n t h e a n t i f e r r o m a g n e t i c Mn-Ni a l l o y , b o t h d C l l / d T and dC1/dT a r e p o s i t i v e , s u g g e s t i n g a d r a st i c s o f t e n i n g o f C l l and C 1 = ( C l l -C 1 2 ) / 2 ( 6 ) . On t h e c o n t r a r y , i n AuMn-Zn a l l o y , d C l l / d T i s n e g a t i v e , i . e . t h e t e m p e r a t u r e c o e f f i c i e n t of C 1 i s n o r m a l , and dC1/dT i s f a i r l y s m a l l e r t h a n t h a t o f Mn-Ni a l l o y . ~i e s e b e h a v i o r s o f t h e e l a s t i c c o n s t a n t s o f Au-Mn-Zn a l l o y a r e Table 1 : The elastic constants, C11, C44 and C1=(Cll-C12)/2, the elastic anisotropy, C44/C1, and their temperature coefficient of Au-Mn-Zn alloy compared with those (6, 15, 16) of Mn-Ni-C, Mn-Ni and Au-Zn alloys at room temperature.
*: in unit of 1 0 1 0~m -2 , **: in unit of 106Nm-2~-1.
different from those of Mn-Ni alloys and rather seem to be similar to those of Au-Zn alloys (15, 16) , exept the appearance of an anomaly of the elastic constants in a temperature range near Tt and TN. The value of C' at the temperature Tt is not zero in Au50Mn22Zn28 alloy. Then it is considered that the martensitic transformation of Au-Mn-Zn alloy is not induced directly by the instability of soft phonon as found in the cubic-to-tetragonal transformation of NbjSn and In-T1 alloys (17) .
If the Mn content is increased at the expence of Zn in the present alloy system, meaning that the character of binary Au-Mn alloy appears to be dominant, it is of interest to confirm which elastic softening, C11+2C12 or C', can occur at Tt, because a different result has been observed in Mn-Cu and Mn-Ni alloys (3,6). --T1 (17, 18, 19, 20) . The lattice softening observed in this alloy system may be related with the instability of B phase (B2) against transformations to the tetragonal phase in AuMn-rich region or to the martensite phase of AuZn alloy. . range near TN may be affected by
the magnetoelastic coupling in the 6.2 -0 antiferromagnetic manganese alloys. A detailed study of the elastic constants and the ultrasonic attenuation is needed for such an analysis, which are now being carried out in A U~O T~~~O -~Z~~ alloys with various composition. This result will be published in the future.
Summary.-The cubic-to-tetragonal transformation of Au-Mn-Zn alloys was found to be of the 1st order, although it was close to the 2nd order transformation. This transformation was martensitic and found to be of the thermoelastic nature. The shape memory effect was confirmed to appear. The transformation temperature from cubic to tetragonal, Tt, was about 10 degrees lower than the Nee1 temperature of antiferromagnetism, TN, in A u 5 0 M n 5 0 -~Z n~ alloys. Tt and TN decreased with increase in Zn Content, x. The temperature dependence of the elastic constants of A u 5 0 M n~~Z n 2 8 alloy showed an anomaly at a temperature range near Tt and TN. However, the drastic lattice softening as already found in Mn-Ni alloys was not observed in the present study of Au-Mn-Zn alloy.
